The method of integral transforms is first applied for studying the 3 He longitudinal response functions. The transforms are calculated from localized bound-state-type solutions to an inhomogenous Schrödinger-type three-body 
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Many calculations testify to the fact that the conventional form of the nuclear charge density is inapplicable for description of the elastic form factors of three-and four-nucleon nuclei at q > 2.5 fm −1 values. However the elastic scattering occurs with a quite low probability at such q values and some non-typical configurations including those where all the nucleons are close together may contribute substantially. In this connection it seems important to test a form of the nuclear 4-current in the inelastic processes and to study the (e, e ′ ) response functions. This requires a proper account of the nuclear final-state interaction.
We study (e, e ′ ) response functions
where ǫ is the nuclear excitation energy. Direct evaluation of R with a full account of the final-state interaction is quite complicated even in the three-body case. Indeed, it requires obtaining the whole set of the final-state continuum wave functions ψ f at the same energy and summing their contributions. As far as we know only one such an investigation was performed in the literature [1] . A local s-wave central potential [2] was utilized there while interaction in higher partial waves and Coulomb interaction were disregarded.
In this paper we present the first microscopical study of the 3 He longitudinal response functions R l with the help of the method of integral transforms [3] [4] [5] [6] . While the final-state interaction is fully taken into account in our approach we avoid calculating the continuumspectrum wave functions ψ f . We explore an ability of the method in an A=3 problem. We study sensitivity of the results to a choice of NN force and we clarify a role of an interaction in higher partial waves and that of the Coulomb interaction. We compare our results with experiment [7, 8] at q = 300 and 500 MeV/c.
Define the reduced transition operator and the response functioñ
Here
E is the proton Sachs form factor. We calculate the integral transform of the response [3, 10] 
instead of the response itself. We use the conventional single-nucleon expression for the charge densityÔ. Then to a very good approximation one can disregard the ω-dependence of theÕ operator and use the expressioñ
where r ′ j = r j − R c.m . It has been shown [3, 10] that Φ(q, σ) can be calculated by first solving for the localized solution to the following inhomogenous equation
where as in Eq. (1) ψ 0 is the ground-state wave function and E 0 is the ground-state energy.
In terms ofΨ we have [3, 10] 
whereR el is the elastic contribution to the response.
The solution to Eq. (4) is much easier to obtain than the functions ψ f entering Eq. (1).
Indeed, in contrast to the latter functions there is no need to impose the complicated largedistance boundary conditions in order to fix a solution. The only condition of vanishing of the solution at large distances suffices. Therefore methods that are used in solving boundstate problems can be utilized here. Below we use real σ values in Eqs. (2), (4).
We have two possible ways to connect our theoretical calculations with experiment. One way [10] is to compare Φ(q, σ) with the same quantity obtained from the experimentalR(q, ǫ) Concerning the inversion problem, another version of the method [6] better suits for this purpose. The many-body equation to be solved in this version is similar to Eq. (4) yet. The only difference is that complex σ values are utilized. It is shown below that the left-hand side of Eq. (2) can be obtained from Eq. (4) with high accuracy and we achieved comparable accuracy for the complex σ values as well.
The calculations are performed at q = 300 and 500 MeV/c and they are compared with the Saclay [7] and Bates [8] experimental results. In this first calculation we use four versions of effective central local s-wave spin-dependent NN potentials [2, 11, 12] supplemented with a realistic singlet p-wave NN potential [13] and with the proton-proton Coulomb interaction, Only the components of latter interaction which are diagonal in the isospin T =1/2, 3/2 quantum numbers are retained in the calculation. Even these components prove to contribute little to the results, see below.
Under these assumptions on the nuclear dynamics, Eq. (4) is split into independent sets of equations with a given orbital momentum L, and isospin T of the system. It is convenient to calculate the right-hand sides of these equations in the following way. Since ψ 0 has L = 0
Eq. (3) contribute to the problem for a given L value. R is independent of a q direction due to averaging over M 0 in Eq. (1). Let q be directed along the z axis. Then only the components with M L = 0 give non-zero contributions and hence only the components ofΨ with M L = 0 are different from zero. We have
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The functionsΨ LT have the same spin S = 1/2 as ψ 0 .
We solve Eqs. (6) using the hyperspherical expansion. Eqs. (6) 
Here ρ is the hyperradial variable and Ω are hyperangular variables. The index i enumerates the functions with the same other quantum numbers. We use the Laguerre-type hyperradial basis functions [14] . We have developed a computer code to construct complete sets of the Γ basis functions from Eq. (10) with arbitrary quantum numbers using the the Raynal-Revai transformation [15] . The coefficients of this transformation are evaluated using the recurrent formula of the K → K + 2 type [16] .
The L values up to L max = 8 are retained which provides convergence in Eq. There exists a test which enables us to check the calculation as a whole. Namely, the leading term of Φ(q, σ) at high σ values behaves as σ −1 . This term can be calculated independently using the sum rule,
This allows one to check the right-hand side of Eq. (9). Besides checking the calculation the test allows one to verify whether at high σ values the results are stable against increasing K max and L max . Furthermore, we studied dependence of the results on the choice of the NN force. Central local s-wave NN forces utilized in our calculation include the MT(I+III) [2] , S2,S3 [11] and EH [12] potentials. The MT(I+III) and S2 potentials reproduce the NN low-energy properties and s-wave NN phases up to high energies. The S3 potential fits the low-energy data and yields nearly correct values for the binding energies and rms radii of 3 He and 4 He. The EH potential fits the s-wave NN phases up to high energies but it does not reproduce properly the low-energy NN data (see Ref. 11) . As above all these forces were supplemented with the realistic p-wave singlet interaction [13] and with the proton Coulomb interaction in our calculations. Curve 3 in Fig. 2 Before comparing our calculation with experiment we make some comments on obtaining the integral transforms, Eq. (2)), of the experimental responses. In order to perform the integration in Eq. (2) with a sufficient accuracy and in particular to estimate the contribution from the unavailable high-ǫ tails of the spectra we approximate the experimentalR functions by the following analytical expressions: found [20] in the 4 He case. We extrapolate the fitted spectra beyond the ω max values in order to take into account the contributions from the unavailable tails. In case of data from
Ref. [7] these contributions proved to be quite small. They reach their maxima at high σ values where they are between 1 and 2%. In case of q=500 MeV data from Ref. [8] we did not succeed in producing stable extrapolations.
In Fig. 3 we compare the calculated Φ values and the values deduced from experiment.
The theoretical calculation was done MT(I+III) NN potential [2] supplemented as above with p-wave singlet NN interaction and with the proton Coulomb interaction. The relative differences between the theoretical and experimental Φ values are shown. Taking into account 5% systematic uncertainties of the experimental data and also above-considered uncertainties of theoretical calculations one can say that that there is no significant difference between experiment and theory at q = 300 MeV/c. The deviation at q =500 MeV/c may be considered as significant. Detectable differences betweem experiment and theory at such q values for another set [8] of data were also obtained in Ref. [1] where the responses were calculated directly. They may be attributed to relativistic effects.
In conclusion, we applied the method of integral transforms for studying 3 He longitudinal response functions. This requires solving for a localized solution to an inhomogenous Schrödinger-type three-body equation. We elaborated techniques for this purpose and we obtained accurate solutions using central local NN potentials and the conventional expression for the nuclear charge density. We found that NN interaction in higher patial waves and the proton Coulomb interaction play a minor role in the problem. Uncertainties in the s-wave NN force proved to be not substantial as well provided that the low-energy NN-data are properly described. We compared the calculated integral transforms with experiment and we found that at q =300 MeV/c they agree with each other within their uncertainties.
For q =500 MeV/c noticeable deviations are found. The results obtained make it possible to solve the corresponding problem in the quite important α-particle case, in particular. In addition, we found that the final-state T = 3/2 contributions to the problem are suppressed. Curve 3 -a difference with the S2 NN force [11] . Curve 4 -a difference with EH NN force [12] . (In the last two cases p-wave singlet interaction and Coulomb interaction are included in the calculation.) Fig.3 . Comparison of the calculated transforms Φ th (q, σ) with experiment. Curve 1 is for experimental data from Ref. [7] for q = 300 MeV/c. Curve 2 is for experimental data from
Ref. [8] for q = 300 MeV/c. Curve 3 is for experimental data from Ref. [8] for q = 500
